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(57) Abstract: Offshore structures such as wind turbines, wave machines and tidal stream turbines are mounted in a previously 
located foundation including a socket. The foundation includes an upper body with a conical inner surface which acts as a guide for 
inserting a leading end of the structure into the socket. The conical surface also provides a reaction surface for alignment means for 
setting the vertical alignment of the struclure when inserted in the socket. Clamp means are provided supported by an A frame for 
^* controlled lowering of the structure into the socket. 
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The present invention relates to the mounting of structures offshore and more 
especially to the mounting of structures such as wind turbines, wave machines and 
tidal stream turbines. 

Conventionally, wind turbines or the like are mounted offshore in a suitable 
foundation. The wind turbines are transported to the installation site, either in a 
complete state or for assembly on site, by means of a jack up barge. However, jack 
up barges are expensive and can be difficult to use in certain locations where difficult 
seabed conditions or strong currents occur. 

The present invention therefore seeks to provide method and apparatus for 
installation and alignment of offshore structures such as wind turbines which permits 
the use of towed or self-propelled barges or other suitable vessels to support the 
structure and further enables alignment of the structure at a desired angle (normally 
vertical) even where the foundation is installed at an angle. 

According to a first aspect of the present invention there is provided a foundation for 
mounting an offshore structure, the foundation comprising a socket for receiving and 
retaining an end part of the structure, the socket having a base surface preferably of 
conical shape, an intermediate supporting part and an upper body having an internal 
guiding surface for guiding said end part into the intermediate supporting part, said 
guiding surface also forming a reaction surface operatively co-operating with 
alignment means of the structure for alignment of the structure when inserted in the 
foundation. 

Preferably said guiding surface is frusto-conical. 
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Further preferably said intermediate supporting part has a substantially cylindrical 
inner surface sized to conform with a corresponding outer surface of said end part. 

According to a second aspect of the invention there is provided a structure for 
5 mounting in the foundation of the first aspect of the invention, said structure 

comprising an end part for insertion into the socket of the foundation, said end part 
preferably having a leading end portion preferably of substantially conical shape 
corresponding to said conical base surface, and alignment means mounted on said 
end part operative to co-operate with said guiding surface when said end part is in the 
10 socket to align the structure into a desired alignment. 

In a preferred embodiment of this aspect the invention, the alignment means are 
removable. 

1 5 Preferably, the outer surface of the end part is substantially cylindrical. 

Preferably also, the a curved, substantially spherical or part spherical element is 
disposed on the tip of the leading end portion whereby the (preferably) conical 
leading end portion is prevented from fully abutting the conical base surface of the 
20 socket. 

According to a third aspect of the invention there is provided the combination of a 
foundation for mounting an offshore structure and a structure mountable in the 
foundation, wherein the structure comprises an end part preferably having a leading 

25 end portion preferably of substantially conical shape and alignment means located on 
the leading end part, the foundation comprising a socket comprising a base surface 
preferably of substantially conical shape sized substantially to conform with the 
substantially conical end portion, an intermediate supporting part and an upper body 
having an internal guiding surface wherein the socket operatively receives the leading 

30 end part such that the base surface and the end portion are in juxtaposition and the 
internal guiding surface operatively provides a reaction surface against which the 
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alignment means operatively act for adjustment of the structure into a desired 
alignment. 

Preferably in this third aspect of the invention the alignment means are removeable. 

5 

Preferably also the internal guiding surface is frusto-conical. 

In a much preferred embodiment, the inner surface of the intermediate supporting 
part and the outer surface of the end part of the structure are cylindrical. 

In another preferred embodiment of this aspect of the invention said inner and outer 
surfaces are spaced apart in use. This allows the joint between the structure and the 
socket to be filled with grout to secure the structure in the socket in the desired 
alignment. 

15 

In another preferred embodiment a curved, substantially spherical or part spherical 
element is disposed on the tip of the leading end portion whereby the (conical) 
leading end portion is prevented from fully abutting the (conical) base surface of the 
socket. This feature assists in ensuring that a space between the structure and the 
20 socket is provided (for the insertion of grout) and also allows the structure to be 

aligned (with respect to the vertical) and also rotated as necessary before it is fixed in 
position. 

A fourth aspect of the invention provides apparatus for mounting a structure as 
25 according to the second aspect of the invention in a foundation according to the first 
aspect of the invention, the apparatus comprising a transporting barge, means for 
retaining the structure on the barge during transportation in a reclined position, 
means for moving the structure from the reclined position to an upright position and 
for lowering the structure in said upright position over the side of the barge, and a 
30 guide wire attachable to the end of the structure for guiding the leading end of the 
structure into the socket. 
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Preferably the means for moving the structure from the reclined position to an upright 
position comprises a winched cable-stayed "A" frame. 



5 Preferably the structure is retained while in its upright position, and lowered, by 
means of one or more clamps engaging the structure, the clamping arrangement 
allowing controlled axial movement of the structure relative to the means for 
supporting the structure. 

1 0 Preferably the apparatus further comprises means for supplying grout to the joint 
between the end part of the structure and the socket. 

Preferably also the means comprise supply hoses which are operatively 
disconnectable from the supply of grout and are sealable, and the apparatus further 
1 5 comprises a buoy to which the supply hoses may be attached after disconnection 
from the supply of grout. 

Preferably the apparatus further comprises means for recovering the alignment means 
after the structure has been mounted in the foundation. 

20 

According to a fifth aspect of the invention there is provided method of mounting an 
offshore structure in a sub-surface foundation, the method comprising: 
i) providing a sub-surface foundation according to the first aspect of the 
invention; 

25 ii) providing a structure according to the second aspect of the invention and 
supporting the structure in a reclined position on a barge; 
iii) providing a winched cable stayed A frame on the barge and moving the 

structure from the reclined position to an upright position by means of the A 
frame; 

30 iv) supporting the structure in its upright position by means of clamps attached to 
the A frame; 
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v) attaching a guide wire to a end part of the structure and guiding the end part 
of the structure into the socket of the foundation by means of the guide wire; 

vi) lowering the alignment means down the end part of the structure until the 
alignment means engage the internal guiding surface of the upper body of the 

5 socket and adjusting the alignment of the structure by means of the alignment 

means acting on the internal guiding surface until a desired alignment is 
achieved; and 

vii) releasing the clamps supporting the structure. 



10 A preferred embodiment of this aspect of the invention further comprises the steps 
of: 

viii) providing grout injection hoses and injecting grout into the joint between the 
structure and the socket; 

ix) sealing the grout injection hoses; and 

15 x) attaching the sealed clamp hoses to a surface buoy. 

Preferably the method of this embodiment comprises the further step of 
recovering the grout injection hoses and/or the alignment means when the grout in 
the joint has set. 

20 

For a better understanding of the invention and to show how the same may be carried 
into effect, reference will be made to the following drawings in which: 

Figure 1 shows a schematic plan view of a structure according to the invention 
25 carried in a reclined position in a transporting barge; 

Figure 2 is a schematic side view of the structure and barge of Figure 1; 

Figure 3 is a schematic side view of the barge and structure with the structure in its 
30 upright position; 
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Figure 4 is a view similar to Figure 3 showing the structure lowered into tlie 
foundation; 

Figures 5 and 6 are schematic side views illustrating the disconnection and removal 
5 of the barge from the structure; 

Figure 7 is a schematic side view illustrating the removal of the alignment means; 

Figure 8 is a schematic side view similar to Figure 3 showing alternative clamps for 
10 supporting the structure; 

Figure 9 illustrates schematically on a larger scale the mounting of the structure in its 
foundation; and 

1 5 Figure 10 illustrates schematically an alternative construction of the invention. 

Referring now to the drawings, Figures 1 and 2 show a barge or other suitable vessel 
2 carrying a structure in the form of a wind turbine 4 in a reclined position so that the 
nacelle 6 and rotor 8 are supported (the particular support means are not shown). 

20 Typically the nacelle and rotor will have a weight of around lOOtonnes. The 

structure 4 has an end part 10 having a conical leading end portion 12. Alignment 
means 14 are disposed on the end part 10. The structure 4 is attached to an A frame 
16 operated with winches 18. The winches may typically be 50 tonne winches. A 
typical winch system for the "A" frame includes twelve fall lifting on each side with 

25 the winches working at, say, 30m per minute line speed. In this arrangement, 

erection of the structure 4 to the upright position shown in Figure 3 takes about 10 
minutes. The above mentioned parameters are exemplary only and the person skilled 
in the art will select suitable parameters according to the particular task in hand, such 
as the size, weight and location of the structure.. 

30 
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In the upright position, the structure 4 is supported by a number of clamps 20. In the 
clamping arrangement illustrated in Figures 3 and 4, the clamps 20 comprise two (or 
more) separate radial clamps, spaced axially along the structure. The structure is 
lowered from the barge 2 into the foundation 30 in a controlled manner by, for 
5 example, opening a lower one of the clamps and causing the upper one of the clamps 
to move downwardly, so taking the structure 4 downwardly towards the foundation 
30. At the limit of movement of the upper clamp (or at a desired point before that), 
the lower clamp is engaged, and the upper clamp is released and returned to its initial 
position. The sequence is then repeated until the structure 4 is lowered into the 
10 foundation. The sequence may be applied in reverse for removal of the structure 4 
from the foundation 30. 

In a less preferred variation, separate means such as a crane are provided to support 
the weight of the structure and the clamps are used only for alignment of the structure 



In the clamping arrangement shown in Figure 8, clamps in the form of track type 
tensioners are used to support the structure 4. These track type tensioners take the 
form of a plurality of continuous articulated tracks arranged radially around the 

20 structure. Each track comprises a plurality of track links each articulated to a 

neighbouring track link to form a continuous loop. Each track link is provided with a 
gripping surface for gripping the structure 4. The tracks are arranged to lie axially 
with respect to the structure 4 so that by driving the tracks in a forward or reverse 
direction, the structure 4 may be moved up or down. An advantage of track type 

25 tensioners is that they can accommodate structure of shapes other than plain 
cylindrical, such as tapering shapes which is more difficult to achieve with the 
annular clamps of Figure 3 and 4. For this purpose, the track type tensioners can be 
mounted on a bogie arrangement which ensures that the tracks make contact with the 
structure along their entire working length rather than at a single point. 



15 
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30 
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In erecting the structure 4, a combination of hydraulic cylinders and/or cables can be 
used to ensure that as the weight of the structure 4 passes overcentre the motion of 
the A frame is controlled. Alternatively, the pivots on which the A frame is mounted 
can be located to ensure that the weight always remains on the barge side of the 
5 pivot, so that the need to overcentre is avoided. 

When the structure 4 is in its upright position a guide or pull wire is attached to the 
end part 10 of the structure 4. The guide wire is used to guide the end part 10 of the 
structure into a pre-positioned foundation 30. The foundation 30 includes a socket 

10 32 having a base surface 34 having an internally conical shape and a generally 

cylindrical intermediate part 36. Mounted at an upper part of the intermediate part 36 
is an upper body 38. The upper body 38 includes an internal surface 40 which is 
frusto-conical. As the structure 4 is lowered from the barge by use of the clamps 20 
the inner surface 40 assists in guiding the end part 10 of the structure 4 into the 

15 socket 32, in combination with the conical leading end portion 12 and the guide wire. 
Once the structure 4 is accommodated in the socket 32, the structure provides a 
temporary means of locating the barge which permits movement of the barge in the 
swell of the water and rotationally around the structure 4 but prevents translational 
movement of the barge away from the structure. 

20 

An "interface ball" 13 in the form of a curved, spherical or part spherical element is 
disposed on the apex of leading end portion 12 (Figure 9). This interface ball has a 
number of functions. In particular, the interface ball ensures that the walls of the 
socket and of the end part 10 of the structure are maintained in slightly spaced apart 

25 relation. This allows rotation of the structure 4 with respect to the socket during 
installation and also allows some movement of the structure relative to the socket 
during installation so that a desired alignment of the structure 4 with respect to the 
vertical can be achieved, even where the foundation is not absolutely correctly 
aligned. Normally, the desired alignment is vertical. The spacing apart of the walls 

30 of the structure and socket also provides a void which can be filled with grout to set 
the structure in its desired alignment. During the alignment of the structure, the 
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clamps 20 are placed in a constant low tension to accommodate heaving up and down 
of the barge 2 in any swell. 

When the structure 4 has been located in the socket 32, alignment of the structure 4 is 
5 undertaken. For this purpose, alignment means 14 are lowered down the end part 10 
until they contact the inner surface 40. The alignment means preferably comprise a 
plurality of hydraulic cylinders and typically four such cylinders are provided. One 
the alignment means are in place, the clamps 20 can be released. The alignment 
means 14 are then used to set the structure 4 in its desired alignment. The inner 
10 surface 40 acts at this stage as a reaction surface against which the alignment means 
14 (hydraulic cylinders) act to provide the required movement of the structure to 
adjust its position and, when that position is achieved, to retain the structure in that 
position. Once the desired alignment is achieved, the alignment means can be locked 
in position. 

15 

In one preferred arrangement of the invention where the installation of the structure is 
essentially permanent, grout is injected into the void between the walls of the socket 
32 and the end part 10 of the structure through suitable hoses. When the joint is full 
of grout, the hoses can be sealed off and attached to a buoy. The barge 2 can then 
20 move away and be engaged in other work. When the grout is fully set a barge 2 may 
return to retrieve the alignment means 14. 

In an alternative arrangement, the alignment means 14 may be left in place when 
locked in position and no grout is then required. This facilitates later removal of the 
25 structure 4, for example for maintenance on land. In this case, the alignment means 
14 which may be shove cylinders, screw jacks or the like can be built as a fixed part 
of the structure 4 so that for removal of the structure 4 it is not necessary to pick up 
cables, hoses and the like to initiate release of the alignment means 14, these being 
provided integrally with the structure. 

30 
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In a variation of the invention illustrated in Figure 10 and interface piece 50 is 
provided at the top of the foundation 30\ The interface piece 50 is set in a desired 
alignment during installation in the foundation 30', such as by grouting (54) to the 
foundation 30'. The interface piece 50 includes an inner surface 540 analogous to 
5 inner surface 40. Thus the structure 4 can be lowered into a socket 32' of the 

interface piece 50 in the same manner as described above in relation to foundation 
30, but because the interface 50 determines the correct alignment, separate alignment 
means are not needed. A number of tapered clamps 52 are desirably provided to grip 
the structure and retain it in its desired position. In this construction, the weight of 
10 the structure 4 essentially holds the structure in place in the foundation. For removal 
of the structure 4 the tapered clamps may be removed by a tool frame which releases 
the structure and allows it to be removed from the foundation. 
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Claims: 



1. A foundation for mounting an offshore structure, the foundation comprising a 
socket for receiving and retaining an end part of the structure, the socket having a 

5 base surface, an intermediate supporting part and an upper body having an 

internal guiding surface for guiding said end part into the intermediate supporting 
part, said guiding surface also forming a reaction surface operatively co-operating 
with alignment means of the structure for alignment of the structure when 
inserted in the foundation. 

10 

2. A foundation as claimed in claim 1 wherein said guiding surface is frusto-conical. 

3. A foundation as claimed in claim 1 or 2 wherein said intermediate supporting part 
has a substantially cylindrical inner surface sized to conform with a 

15 corresponding outer surface of said end part. 



4. A structure for mounting in the foundation of any of claims 1 to 3, said structure 
comprising an end part for insertion into the socket of the foundation, said end 
part having alignment means mounted on said end part operative to co-operate 

20 with said guiding surface when said end part is in the socket to align the structure 

into a desired alignment. 

5. A structure as claimed in claim 4 wherein the alignment means are removable. 

25 6. A structure as claimed in claim 4 or 5 wherein the outer surface of the end part is 
substantially cylindrical. 

7. A structure as claimed in claim 4, 5 or 6y wherein the end part further includes a 
leading end portion of substantially conical shape. 

30 
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8. A structure as claimed in claim 7 wherein a curved, substantially spherical or part 
spherical element is disposed on the tip of the leading end portion whereby the 
conical leading end portion is prevented from fully abutting the base surface of 
the socket. 

5 

9. A foundation as claimed in any of claims 1 to 3 for co-operation with a structure 
as claimed in claim 7 or 8 wherein the base surface of the socket is of 
substantially conical shape to generally conform with the conical leading end 
portion of the structure. 

10 

10. The combination of a foundation for mounting an offshore structure and a 
structure mountable in the foundation, wherein the structure comprises an end 
part having a leading end portion of substantially conical shape and alignment 
means located on the leading end part, the foundation comprising a socket 

15 comprising a base surface of substantially conical shape sized substantially to 

conform with the substantially conical end portion, an intermediate supporting 
part and an upper body having an internal guiding surface wherein the socket 
operatively receives the leading end part such that the conical base surface and 
the conical end portion are in juxtaposition and the internal guiding surface 

20 operatively provides a reaction surface against which the alignment means 

operatively act for adjustment of the structure into a desired alignment. 

1 1. A combination as claimed in claim 10 wherein the alignment means are 
removeable. 

25 

12. A combination as claimed in claim 10 or 1 1 wherein the internal guiding surface 
is frusto-conical. 

13. A combination as claimed in claim 10, 1 1 or 12 wherein the inner surface of the 
30 intermediate supporting part and the outer surface of the end part of the structure 

are cylindrical. 
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14. A combination as claimed in claim 13 wherein said inner and outer surfaces are 
spaced apart in use. 

5 1 5. A combination as claimed in any of claims 1 0 to 14 wherein a curved, 

substantially spherical or part spherical element is disposed on the tip of the 
leading end portion whereby the conical leading end portion is prevented from 
fully abutting the conical base surface of the socket. 

16. Apparatus for mounting a structure as claimed in any of claims 4 to8 in a 
foundation as claimed in any of claims 1 to 3 or 9, the apparatus comprising a 
transporting barge, means for retaining the structure on the barge during 
transportation in a reclined position, means for moving the structure from the 
reclined position to an upright position and for lowering the structure in said 
upright position over the side of the barge, and a guide wire attachable to the end 
of the structure for guiding the leading end of the structure into the socket. 

17. An apparatus as claimed in claim 16 wherein the means for moving the structure 
from the reclined position to an upright position comprises a cable-stayed "A" 
frame. 

18. An apparatus as claimed in claim 16 or 17 wherein the structure is retained while 
in its upright position, and lowered, by means of one or more clamps engaging 
the structure. 

19. An apparatus as claimed in any of claims 16 to 18 further comprising means for 
supplying grout to the joint between the end part of the structure and the socket. 

20. An apparatus as claimed in claim 19 wherein the means comprise supply hoses 
which are operatively disconnectable from the a supply of grout and are sealable, 
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the apparatus farther comprises a buoy to which the supply hoses may be attached 
after disconnection from the supply of grout. 

21 . An apparatus as claimed in any of claims 16 to 20 further comprising means for 
5 recovering the alignment means after the structure has been mounted in the 

foundation. 

22. A method of mounting an offshore structure in a sub-surface foundation, the 
method comprising: 

i) providing a sub- surface foundation as claimed in any of claims 1 to 3 or 9; 

ii) providing a structure as claimed in any of claims 4 to 8 and supporting the 
structure in a reclined position on a barge; 

iii) providing a winched cable stayed A frame on the barge and moving the 
structure from the reclined position to an upright position by means of the A 
frame; 

iv) supporting the structure in its upright position by means of clamps attached to 
the A frame; 

v) attaching a guide wire to a end part of the structure and guiding the end part 
of the structure into the socket of the foundation by means of the guide wire; 

vi) lowering the alignment means down the end part of the structure until the 
alignment means engage the internal guiding surface of the upper body of the 
socket and adjusting the alignment of the structure by means of the alignment 
means acting on the internal guiding surface until a desired alignment is 
achieved; and 

vii) releasing the clamps supporting the structure. 

23. A method as claimed in claim 22 further comprising the steps of: 

viii) providing grout injection hoses and injecting grout into the joint between the 
structure and the socket; 

30 ix) sealing the grout injection hoses; and 

x) attaching the sealed clamp hoses to a surface buoy. 
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24. A method as claimed in claim 23 including the further step of 

xi) recovering the grout injection hoses and/or the alignment means when the 
grout in the joint has set. 

5 

25. A method substantially as hereinbefore described with reference to any of Figures 
1 to 10. 

26. A combination substantially as hereinbefore described with reference to any of 
10 Figures 3 to 10. 

27. A structure substantially as hereinbefore described with reference to any of 
figures 1 to 10. 

15 28. An apparatus substantially as hereinbefore described with reference to any of 
figures 1 to 5, 7 or 8. 
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